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 Experimental Section 
General considerations. All reactions and manipulations of air and moisture sensitive compounds 
were performed under a nitrogen atmosphere using standard Schlenk, vacuum line and glovebox 
techniques. Deuterated solvents were dried over Na/K alloy prior to use. Other solvents were dried by 
percolation over columns of aluminum oxide, BASF R3-11 supported Cu oxygen scavenger, and 
molecular sieves (4Å) (pentane), or by distillation from Na/K alloy (THF, cyclohexane). The 
compounds Cp*2LnCH(SiMe3)2 (Ln = Y,
1 Ce,
2 La
3), [Cp*2Ln(µ-H)]2 (Ln = Ce,
4 La
3), Me2Si(Cp”H)2,
3 
LiCH(SiMe3)2,
3 2,6-dimethyliodobenzene,
5  n-butyl nitrite,
6 copper bronze,
7 copper(I) iodide,
8 
propynyllithium
9 and Pd(PPh3)2Cl2
10 were prepared according to literature procedures. Reagents were 
purchased from Aldrich and Acros and were used as received unless stated otherwise. Hydrogen (Hoek-
Loos, 99.995%) was dried by passing the gas over a column filled with LiAlH4. Diphenylethyne 
(Aldrich) was sublimed under a nitrogen atmosphere before use. Dimethylsulfoxide was dried at least 
three times on freshly activated 4-Å molecular sieves.
11  
Physical and analytical measurements. NMR spectra were recorded on a Varian VXR-300 (FT, 300 
MHz, 
1H; 75 MHz, 
13C), Varian XL-400 (FT, 400 MHz, 
1H; 100 MHz, 
13C) or a Varian Inova 500 (FT, 
500 MHz, 
1H; 125.7 MHz, 
13C) spectrometers. NMR experiments on air-sensitive samples were 
conducted in flame-sealable tubes or tubes equipped with a Teflon valve (Young). The 
1H NMR spectra 
were referenced to resonances of residual protons in deuterated solvents and reported in ppm relative to 
tetramethylsilane (δ 0.00 ppm). The coupling constants J and the linewidth lw of the resonances at half 
maximum are given in Hz. The 
13C NMR spectra were referenced to carbon resonances of deuterated 
solvents. 
19F NMR spectra were referenced internally to hexafluorobenzene in CDCl3 (δ -163.0 ppm). 
IR spectra of pure compounds and KBr pellets or nujol solutions of the samples were recorded on a 
Mattson 4020 Galaxy FT-IR or a Pye-Unicam SP3-300 spectrophotometer. The elemental analyses were 
performed by H. Kolbe, Mikroanalytisches Laboratorium, Mülheim an der Ruhr, or the Microanalytical 
Department of the University of Groningen. All found percentages are the average of at least two 
independent determinations. GC analyses were performed on a HP 6890 instrument with a HP-1 dimethylpolysiloxane column (19095 Z-123). GC-MS spectra were recorded at 70 eV using a HP 5973 
mass-selective detector attached to a HP 6890 GC as described above. Vacuum sublimations were 
performed with a home-made sublimation apparatus. Molecular weights were determined by cryoscopy 
in benzene.  
General drying procedure for 1-methylalk-2-ynes. The liquids obtained after synthesis or received 
after purchase were brought in a flask containing freshly ground CaH2 and allowed to react for at least 
one day at 50 °C under nitrogen. Vacuum transfer afforded colorless oils which were stored at -30 °C 
and under nitrogen. 
Preparation of 2-(Prop-1-ynyl)toluene (3g). A 1-L, three-neck, round-bottom flask, equipped with 
stir bar and gas-inlet adaptor, was charged with THF (200 mL) and degassed by freeze-thaw-pump 
cycles. A 3-L flask was connected to a lecture bottle of propyne and filled with an appropriate amount 
of propyne gas (~122 mmol) by adjusting the pressure. From this flask, the gas was allowed to condense 
into the reaction vessel which was cooled to -100°C with a liquid nitrogen-ethanol bath. The 1-L flask 
was brought under nitrogen, connected to a cooler and drop funnel, while still maintaining the 
temperature of the bath at ca. -100°C. Then n-BuLi (42.0 mL, 105 mmol, 2.5 M in hexanes) was added 
dropwise under stirring over a period of 1 h after which the temperature of the bath was allowed to 
warm up to –78° C.  A solution of ZnBr2 (22.6 g, 100 mmol, flame-dried in vacuo) in 100 ml of THF 
was added dropwise to the reaction mixture at -78° C during 30 min while strirring. After addition the 
cooling bath was removed and the reaction mixture was allowed to warm up to room temperature. Then, 
2-iodotoluene (8.6 ml, 67 mmol) and Pd(PPh3)Cl2 (2.3 g, 3.3 mmol) were added and the suspension was 
stirred for 14 h at room temperature. The reaction mixture was quenched with 200 mL of brine and 
filtered. The organic layer was extracted with petroleum ether (40-60 °C) and dried over MgSO4. 
Rotatory evaporation afforded an orange oil which was purified by means of column chromatography 
(silica, 230-400 mesh, 60 Å) with petroleum ether. The volatiles were removed by means of rotatory 
evaporation and vacuum distillation using a 20-cm Vigreux column. Drying over CaH2 and subsequent 
vacuum transfer afforded a light yellow liquid. Yield: 7.34 g (85%). 1H NMR (300 MHz, CDCl3, 25 °C): δ 2.15 (s, CCCH3, 3 H), 2.43 (s, CH3, 6 H), 6.9-7.2 (m, CH, 3 H). 
13C NMR (75 MHz, CDCl3, 25 °C): δ 4.46 (CCCH3), 21.03 (CCH3), 77.24 (CH3C), 94.03 (ArC), 123.74 
(i-C, Ph), 126.48 (m-C, Ph), 126.82 (p-C, Ph), 140.04 (o-C, Ph). GC-MS, m/z (relative intensity): 131 
(11), 130 (M
+, 100), 129 (M
+ - H, 61), 128 (62), 127 (28), 116 (5), 115 (M
+ - CH3, 78), 102 (8), 89 (6), 
77 (8), 75 (4), 74 (5), 64 (8), 63 (11), 62 (4), 51 (11), 50 (5), 39 (5). IR (neat, [cm
-1]): 3066 (m), 3022 
(m) 2917 (m), 2853 (m), 2734 (w), 2249 (w), 1600 (w), 1487 (m), 1456 (m), 1377 (m), 116 (m), 1045 
(m), 765 (s), 493 (s). Anal. Calcd. for C10H10 (130.19): C, 92.26; H, 7.74. Found: C, 92.12; H, 7.63. 
Preparation of 1-(2,6-Dimethylphenyl)-1-propyne (3h). A 250-mL Schlenk flask was charged with 
13.0 mL (32.5 mmol) of n-BuLi (2.5 M in hexanes) and 30 mL of THF. A 3-L flask was connected to a 
lecture bottle of propyne and filled with an appropriate amount of propyne gas (40 mmol) by adjusting 
the pressure. From this flask, propyne was allowed to condense into the Schlenk flask which was cooled 
to -100°C with a liquid nitrogen-ethanol bath. After 15 min of stirring a solution of 7.70 g (34.2 mmol) 
of anhydrous ZnBr2 in 20 mL of THF was added. The mixture was stirred for 10 min at –78 °C. Then 
5.0 g (22 mmol) of 2,6-dimethyliodobenzene and a solution of 0.78 g (1.1 mmol) of Pd(PPh3)Cl2 and 
0.90 mL (2.2 mmol) of n-BuLi in 10 mL of THF are added and the mixture is allowed to warm up to 
room temperature while stirring. The reaction mixture was stirred at room temperature for 10 days and 
quenched with aqueous solutions of ammonium chloride and ammonium carbonate. Addition of ether, 
extraction of the organic layer, drying over MgSO4 and rotatory evaporation afforded a yellow oil which 
was purified by means of column chromatography (silica, 230-400 mesh, 60 Å) with hexanes. Yield: 
2.41 g (78%) 
1H NMR (300 MHz, CDCl3, 25 °C): δ 2.15 (s, CCCH3, 3 H), 2.43 (s, CCH3, 6 H), 6.9-7.2 (m, CH, 3 
H). 
13C NMR (125.7 MHz, CDCl3, 25 °C): δ 4.50 (q, 
1JCH = 131.5 Hz, CCCH3), 21.28 (q, 
1JCH = 126.8 
Hz, CH3), 77.20 (m, CCCH3), 94.20 (q, 
3JCH = 10.6 Hz, CCCH3), 123.72 (m, i-C), 126.47 (dqd, , 
1JCH = 
158.5 Hz, 
2JCH = 5.2 Hz, 
3JCH = 8.6 Hz, m-CH), 126.83 (d, 
1JCH = 159.2 Hz , p-CH), 140.36 (q, 
2JCH = 
6.4 Hz, 
2JCH = 6.4 Hz, o-C). IR (neat, [cm
-1]): 3067 (m), 3022 (m), 2917 (s), 2852 (m), 2733 (m), 2242 
(m), 2047 (w), 1928 (m), 1579 (m), 1467 (s), 1378 (m), 1263 (m), 1164 (m), 1093 (m), 1033 (m), 9676 (m), 920 (m), 769 (s) 483 (s). GC-MS, m/z (relative intensity): 144 (M
+, 90), 143 (M
+ - H, 13), 142 (3), 
141 (10), 130 (1), 129 (M
+ - CH3, 90), 128 (100), 127 (31), 115 (22), 102 (6), 89 (4), 77 (8), 75 (4), 65 
(4), 63 (9), 39 (7). Anal. Calcd. for C11H12 (144.22): C, 91.61; H, 8.39. Found: C, 91.85; H, 8.36. 
Preparation of Propynyl Copper. According to a modification of reported procedures for the 
preparation of alkynyl copper compounds.
12 25.0 g (100 mmol) of CuSO4·5H2O was dissolved in 100 
mL of concentrated aqueous ammonia in a 500-mL Schlenk flask, equipped with a Teflon-coated stir 
bar. After stirring at 0 °C for 15 min 200 ml of water was added, followed by the slow addition of 13.9 g 
(200 mmol) of HONH2·HCl. Subsequently, propyne gas was bubbled through the solution for 24 h 
during which a yellow solid precipitated. The suspension was filtered under vacuum and the yellow 
powder was washed with water, ethanol and ether yellow powder. CAUTION: The yellow powder is 
explosive, when dry, and was kept moist with ether. Crude (wet) yield: 8.6 g (84%). 
Preparation of 1-Pentafluorophenyl-1-propyne (3j). The following procedure represents a 
modified version of previously published ones.
13 Propyne gas (ca. 60 mmol) was condensed in vacuo in 
THF (80 mL) which was cooled at -196 °C in a single-bulbed, 250-mL Schlenk flask, equipped with stir 
bar. The flask was brought under a nitrogen atmosphere and allowed to warm up to -80 °C. Dropwise 
addition of n-butyl lithium (21.0 mL, 52.5 mol, 2.5 M in hexanes) under stirring after which the solution 
was allowed to warm up to -30 °C, forming a white suspension. The mixture was cooled to -60 °C and a 
solution of hexafluorobenzene (8.74 g, 47.0 mmol) in THF (50 mL) was slowly added to the reaction 
mixture under vigorous stirring. After addition the reaction mixture was allowed to slowly warm up to 
room temperature and stirred overnight. Addition of water (100 mL), extraction with diethyl ether, 
drying over MgSO4 and rotatory evaporation (50 °C, 100 mbar) afforded a white oil. Sublimation at 80 
°C under vacuum (~ 1 mmHg) provided a white crystalline solid. Yield: 2.32 g (24%).  
1H NMR (400 MHz, CDCl3, 25 °C): δ 2.13 (s, CH3, 3 H). 
13C{
1H} NMR (100 MHz, CDCl3, 25 °C): δ 
147.60 (m, 
1JCF = 253 Hz, C5F5), 140.97 (d, 
1JCF = 259 Hz, C5F5), 137.55 (d, 
1JCF = 251 Hz, C5F5), 
100.59 (t, 
2JCF = 18 Hz, C5F5C), 99.53 (m, C≡ C), 63.81 (m, C≡ C), 4.821 (s, CH3). 
19F NMR (376.5 
MHz, CDCl3, 25 °C): δ -139.34 (dd, 
3JFF = 21.2 Hz, 
4JFF = 7.0 Hz, o-F, 2 F), -156.27 (t, 
3JFF = 20.5 Hz, p-F, 1 F), -164.39 (ddd, 
3JFF = 21.2 Hz, 
3JFF = 21.6 Hz, 
4JFF = 7.5 Hz, m-F, 2 F). IR (nujol, [cm
-1]): 2926 
(s), 2855 (s), 2721 (w), 2254 (w), 2213 (w), 1463 (m), 1377 (m), 1261 (w), 1103 (w), 1020 (w), 974 
(w), 835 (m), 489 (s). GC-MS, m/z (relative intensity): 207 (10), 206 (M
+, 100), 205 (M
+ - H, 73), 188 
(7), 187 (69), 186 (5), 180 (6), 179 (9), 167 (7), 161 (8), 156 (28), 155 (5), 117 (7), 105 (6), 104 (4), 103 
(4), 93 (8). Anal. Calcd. for C9H3F5: C, 52.45; H, 1.47. Found: C, 52.25; H, 1.38. 
Reaction of Cp*2LaCH(SiMe3)2 with CH3CCPh. NMR Scale. Cp*2LaCH(SiMe3)2 (12.3 mg, 21.4 
µmol) was dissolved in C6D6 and CH3CCPh (3.0 µL, 24 µmol) was added with a microsyringe in the 
glovebox. No changes were observed with 
1H NMR spectroscopy after 24 h at room temperature. Also, 
when the sample is heated to 50 °C for 12 h, no changes were observed. After heating the sample to 80 
°C for 3 h, the formation of Cp*2LaCH2CCPh was observed and the yellow solution turned slowly deep 
red upon further heating. After 17 days at 80 °C the reaction mixture was quenched with CD3OD. The 
presence of CH2(SiMe3)2, Cp*D, 1-phenyl-1-propyne-d1 and phenylallene-d1 was indicated by 
1H NMR 
and GC-MS.  
1-Phenyl-1-propyne-d1: 
1H NMR (C6D6, 25 °C, 300 MHz): δ 1.65 (s, CH2D, 2H).
14 GC-MS, m/z 
(relative intensity): 118 (6), 117 (72), 116 (100), 115 (15), 90 (8), 89 (6), 64 (6), 63 (8), 51 (7). 
Phenylpropa-1,2-diene-d1: 
1H NMR (C6D6, 25 °C, 300 MHz): δ 4.85 (s, CH2, 2 H).
15 GC-MS, m/z 
(relative intensity): 118 (7), 117 (76), 116 (100), 90 (6), 63 (9). 
Analogous reactions of Cp*2LaCH(SiMe3)2 with CH3CCC6H4Me-2, CH3CCC6H3Me2-2,6 and CH3-
CCC6H3
iPr2-2,6 and Cp*2YCH(SiMe3)2 with CH3CCPh in C6D6 gave similar results.   
Reaction of Cp*2LaCH(SiMe3)2 with CH3CCC6F5. NMR Scale. Cp*2LaCH(SiMe3)2 (15 mg, 26 
µmol) was dissolved in C6D6 and CH3CCC6F5 (5.5 mg, 27 µmol) was added in the glovebox. No 
changes were observed with 
1H NMR spectroscopy after 24 h at 50 °C. After heating the sample to 80 
°C for 3 h, the formation of Cp*2LaCH2CCPh and CH2(SiMe3)2 was observed. Complete conversion of 
the alkyl into the propargyl was observed after 13 days at 80 °C. The reaction mixture was subsequently 
quenched with CD3OD, producing a mixture of CH2(SiMe3)2, Cp*D, 1-pentafluorophenyl-1-propyne-d1 
and pentafluorophenylpropadiene-d1, as indicated by 
1H and 
19F NMR and GC-MS. Cp*2LaCH2CCC6F5: 
1H NMR (C6D6, 25 °C, 400 MHz): δ 3.08 (s, CH2, 2 H), 1.88 (s, Cp*, 30 H). 
19F 
NMR (C6D6, 25 °C, 376 MHz): δ -140.32 (dd, J = 7.0, 21.2, o-F, 2 F), -156.98 (t, J = 20.5, p-F, 1 F), 
-164.94 (ddd, J = 8.1, 21.5, 21.6, m-F, 2 F). 
13C{
1H} NMR (C6D6, 25 °C, 125.7 MHz):  δ 10.41 (s, 
C5Me5), 55.77 (s, CH2), 108.76 (m, CH2CC), 119.70 (s, C5Me5), 137.86 (d, 
1JCF = 249.5, m/o-CF), 
141.21 (m, i-C), 146.97 (d, 
1JCF = 249.5, m/o-CF), 147.70 (d, 
1JCF = 249.5, p-CF), 165.24 (m, CH2CC).  
1-Pentafluorophenyl-1-propyne-d1: 
1H NMR (C6D6, 25 °C, 400 MHz): δ 1.47 (s, CH2D, 2H). 
19F 
NMR (C6D6, 25 °C, 376 MHz): δ -147.46 (dd, J = 7.6, 21.4, o-F, 2 F), -157.00 (t, J = 20.5, p-F, 1 F), 
-164.96 (ddd, J = 8.1, 21.5, 21.6, m-F, 2 F). GC-MS, m/z (relative intensity): 118 (6), 117 (72), 116 
(100), 115 (15), 90 (8), 89 (6), 64 (6), 63 (8), 51 (7). 
Pentafluorophenylpropadiene-d1: 
1H NMR (C6D6, 25 °C, 400 MHz): δ 4.72 (s, CH2, 2H). 
19F NMR 
(C6D6, 25 °C, 376 MHz): δ -145.00 (dd, J = 7.6, 21.4, o-F, 2 F), -159.73 (t, J = 21.4, p-F, 1 F), -165.69 
(m, m-F, 2 F). GC-MS, m/z (relative intensity): 208 (2), 207 (M
+, 26), 206 (M
+ - H, 100), 205 (M
+ - 2H 
or M
+ - D, 67), 188 (M
+ - F, 21), 187 (M
+ - F - H, 75), 186 (M
+ - F - 2H or M
+ - F - D, 6), 157 (10), 156 
(37), 155 (8), 117 (14), 105 (11). GC-MS, m/z (calc., found): 209 (0.4, 0.5), 208 (9.6, 8.7), 207 (100, 
100). 
Reaction of [Cp*2La(µ-H)]2 with CH3CCPh. NMR Scale. [Cp*2La(µ-H)]2 (5.2 mg, 6.3 µmol) was 
dissolved in C6D6 and CH3CCPh (1.6 µL, 13 µmol) was added with a microsyringe in the glovebox. The 
light-yellow solution turned immediately deep red. A complex mixture is observed with 
1H NMR 
spectroscopy. Within 5 min at room temperature signals attributable to the hydride and substrate have 
disappeared and three major Cp* signals (δ 1.92, 1.90, 1.88 ppm) are observed of which the propargyl 
(δ 1.92 ppm) consititutes only 30% of the total Cp* 
1H NMR resonance intensities as determined by 
line-shape analysis. Besides signals corresponding to cis-1-phenylpropene, unidentified 
1H NMR 
resonances in the vinylic region (δ 6.5 - 2.5 ppm) were observed. After 1 day at room temperature the 
reaction mixture was quenched with CD3OD forming Cp*D, cis-1-phenylprop-1-ene-dn (n = 0,1), 1-
phenyl-1-propyne-d1 and phenylallene-d1 as indicated by 
1H NMR and GC-MS.  Cis-1-phenylprop-1-ene: 
1H NMR (C6D6, 25 °C, 500 MHz): δ 6.41 (dq, 
4JHH = 1.7 Hz, 
3JHH = 11.5 
Hz, =CH, 1 H), 5.63 (dq, 
3JHH = 11.5 Hz, 
3JHH = 7.3 Hz, =CH, 1 H), 1.69 (dd, 
4JHH = 1.7 Hz, CH3, 3 
H).
16 GC-MS, m/z (relative intensity): 119 (9), 118 (75), 117 (100), 116 (10), 115 (43), 91 (29).  
The analogous reaction of [Cp*2La(µ-H)]2 with CH3CCPh in C7D8 gave similar results. 
Reactions of [Cp*2Ln(µ-H)]2 (Ln = Y, Ce, La) with excess 3-hexyne. NMR tubes were loaded with 
solutions of ~0.03 mmol [Cp*2Ln(µ-H)]2 in 0.5 mL of benzene-d6. Excess 3-hexyne (~0.15 mmol) was 
added and the tubes were sealed and kept at room temperature. The reactions were monitored by 
1H 
NMR. 
For Ln = Ce and La, the hydrides dissolved within 15 min and the quantitative formation of solutions 
of Cp*2LnC(Me)HCCEt (Ln = Ce 9b-Ce, grass-green; Ln = La 9b-La, yellow) was observed. For Ln = 
La, 0.85 mmol of cis-3-hexene per mmol of 9b-La was formed after 30 min at room temperature. 
Further increase to 1.0 mol per mmol of 9b-La was observed on standing at room temperature. For Ln = 
Ce, 0.63 mmol of cis-3-hexene per mmol of 9b-La was formed after 30 min. Further increase to 1.0 
mmol per mmol of 9b-La was observed on standing at room temperature. 
For Ln = Y, a yellow solution formed. NMR spectroscopy indicated the formation of 
Cp*2YC(Me)HCCEt (9b-Y) and Cp*2YC(Et)=C(Et)H (8bb-Y) in a 1:1 molar ratio, while cis-3-hexene 
could not be detected. 
Cp*2YC(Me)HCCEt (9b-Y): 
1H NMR (C6D6, 25 °C, 300 MHz): δ 3.45 (m, CHMe, 1 H), 2.20 (m, 
CH2CH3, 2 H), 1.94 (s, Cp*, 15 H), 1.90 (s, Cp*, 15 H), 1.50 (d, 
3JHH = 7 Hz, CHCH3, 3 H), 1.00 (t, 
3JHH = 7 Hz, CH2CH3, 3 H).  
 Cp*2YC(Et)=C(Et)H (8bb-Y): 
1H NMR (C6D6, 25 °C, 300 MHz): δ 3.60 (m, CH, 1 H), 2.55 (q, 
3JHH 
= 7 Hz, CH2CH3, 1 H), 2.20 (q, 
3JHH = 7 Hz, CH2CH3, 1 H), 1.90 (s, Cp*, 30 H), 1.20 (d, 
3JHH = 7 Hz, 
CHCH3, 3 H), 1.00 (t, 
3JHH = 7 Hz, CH2CH3, 3 H).  
Reaction of [Cp*2La(µ-H)]2 with PhCCPh and CH3CCPh. NMR Scale. [Cp*2La(µ-H)]2 (5.0 mg, 
6.1 µmol) was dissolved in C6D6 and PhCCPh (2.4 mg, 14 µmol) was added in the glovebox. The light-
yellow solution turned immediately orange. A clean reaction forming the alkenyl derivative Cp*2LaC(Ph)=CH(Ph) (8ff-La) was observed. No changes in the 
1H NMR spectrum were observed 
after standing for 5 days at room temperature. Upon addition of 1-phenyl-1-propyne (3.5 mg, 30 µmol) 
the alkenyl derivative was completely converted into the propargyl derivative Cp*2LaCH2CCPh within 
24 h at room temperature, giving rise to cis-diphenylethene. The reaction mixture was quenched with 
CD3OD. GC/GC-MS and 
1H NMR analysis indicated the presence of Cp*D, 1-phenyl-1-propyne-d1, 1-
phenyl-1-propyne, phenylallene-d1 and cis-diphenylethene.  
Cp*2LaC(Ph)=CH(Ph) (8ff-La) : 
1H NMR (C6D6, 25 °C, 500 MHz): δ 7.69 (s, CH, 1 H), 7.29 (m, 
CH, 2 H), 7.12 (m, CH, 2 H), 7.04 (m, CH, 1 H), 6.99 (m, CH, 5 H), 1.84 (s, Cp*, 30 H). 
13C NMR 
(125.7 MHz, C6D6, 25 °C): δ 10.95 (q, 
1JCH = 125.2 Hz, C5Me5), 120.74 (m, C5Me5), 123.44 (dt, 
1JCH = 
152.6 Hz, 
3JCH = 7.1 Hz, o-CH), 124.70 (dtd, 
1JCH = 159.4 Hz, 
2JCH = 1.2 Hz, 
3JCH = 7.6 Hz, m-CH), 
125.57 (dm, 
1JCH = 154.1 Hz, o-CH), 126.59 (dt, 
1JCH = 163.2 Hz, 
3JCH = 7.1 Hz, m-CH), 129.89 (dtd, 
1JCH = 153.7 Hz, 
1JCH = 1.4 Hz, 
1JCH = 7.9 Hz, p-CH), 130.83 (dd, 
1JCH = 152.6 Hz, 
1JCH = 152.6 Hz, p-
CH), 134.28 (dt, 
1JCH = 147.2 Hz, 
3JCH = 4.0 Hz, =C(Ph)H), 146.25 (s, i-C), 151.08 (s, i-C). The signal 
corresponding to LaC was not observed. 
Cis-diphenylethene: 
1H NMR (C6D6, 25 °C, 500 MHz): δ 6.46 (s, =CH, 2 H). The aromatic proton 
signals overlapped with others. GC-MS, m/z (relative intensity): 180 (99), 179 (100), 178 (66), 177 (9), 
176 (12), 166 (9), 165 (51), 152 (15), 151 (8), 102 (9), 89 (19), 76 (14), 63 (7), 51 (9). GC-MS, m/z 
(calc., found): 182 (1.1, 1.7), 181 (18.4, 15.3), 180 (100.0, 100.0). 
Reaction of Cp*2LaCH2CCPh with excess of H2. NMR Scale. Hydrogen gas was applied (1 atm.) 
onto a solution of Cp*2LaCH2CCPh (9.6 mg, 18.2 µmol) in 0.50 mL of benzene-d6. Within several 
minutes the yellow solution turned red and became darker in color upon standing. 
1H NMR 
spectroscopy indicated the instantaneous formation of [Cp*2La(µ-H)]2. Two other unidentified 
lanthanocene derivatives formed concomitantly, based on the presence of new Cp* 
1H NMR resonances 
at δ 1.95 amnd 1.71 ppm. The reaction mixture was allowed to stand at room temperature for 1 day 
during which the progress of reaction was monitored periodically with 
1H NMR spectroscopy. Upon 
standing, more [Cp*2La(µ-H)]2 formed at the expense of Cp*2LaCH2CCPh. After 12 h, Cp*2LaCH2CCPh was completely consumed, while the intensities of the Cp* 
1H NMR resonances at δ 
1.95 and 1.71 ppm started to decrease. After 18 h, Cp*2LaCH2CCPh and n-propylbenzene were the only 
compounds present in the product mixture, as indicated by NMR spectroscopy and GC/GC-MS analysis 
upon quenching with methanol. 
Reaction of [Cp*2La(µ-H)]2 with CH3CCC6H3Me2-2,6. NMR Scale. [Cp*2La(µ-H)]2 (7.8 mg, 9.5 
µmol) was dissolved in C6D6 (0.50 mL) and CH3CCC6H3Me2-2,6 (3 mg, 20.8 µmol) was added with a 
microsyringe in the glovebox. The light-yellow solution turned darker and became light-orange within 
several minutes at room temperature. Within 10 min 
1H NMR resonances of the hydride and substrate 
disappeared and Cp*2LaCH2CCC6H3Me2-2,6 and cis-1-(2,6-dimethylphenyl)prop-1-ene were observed. 
After 1 day at room temperature the reaction mixture did not change and was quenched with CD3OD 
forming Cp*D, cis-1-(2,6-dimethylphenyl)prop-1-ene, 1-(2,6-dimethylphenyl)-1-propyne-d1 and (2,6-
dimethylphenyl)allene-d1 as indicated by 
1H NMR and GC-MS.  
Cis-1-(2,6-dimethylphenyl)prop-1-ene: 
1H NMR (C6D6, 25 °C, 300 MHz): δ 6.21 (dm, 
3JHH = 11.4 
Hz, =CH, 1 H), 5.64 (dq, 
3JHH = 11.4 Hz, 
3JHH = 6.9 Hz, =CH, 1 H), 2.15 (s, CH3, 6 H), 1.32 (dd, 
3JHH = 
11.4 Hz, 
4JHH = 1.7 Hz, CH3, 3 H). Minor contamination with its monodeuterated derivative led to 
unreliable intensities in the mass spectrum. 
1-(2,6-Dimethylphenyl)-1-propyne-d1: GC-MS, m/z (relative intensity): 147 (1), 146 (11), 145 (M
+, 
98), 131(7), 130 (M
+ - CH3, 65), 129 (M
+ - CH3 - H, 100), 128 (M
+ - CH3 - 2 H or M
+ - CH3 - D, 62), 
116 (14), 115 (10), 89 (3), 77 (C6H6
+, 7), 51 (C4H3
+, 8). GC-MS, m/z (calc., found): 147 (0.5, 0.7), 146 
(12.0, 11.8), 145 (100, 100).  
(2,6-Dimethylphenyl)propa-1,2-diene-d1: GC-MS, m/z (relative intensity): 146 (4), 145 (M
+, 32), 144 
(M
+ - H, 14), 143 (M
+ - 2 H or M
+ - D, 4), 142 (M
+ - 3 H or M
+ - H - D, 8), 131(12), 130 (M
+ - CH3, 
65), 129 (M
+ - CH3 - H, 100), 128 (M
+ - CH3 - 2 H or M
+ - CH3 - D, 62), 115 (8), 103 (5), 102 (3), 77 
(C6H6
+, 7), 63 (7), 51 (C4H3
+, 9). GC-MS, m/z (calc., found): 147 (0.5, 0.9), 146 (12.0, 13.0), 145 (100, 
100). Reaction of [Cp*2La(µ-H)]2 with CH3CCC6H3
iPr2-2,6. NMR Scale. [Cp*2La(µ-H)]2 (6.6 mg, 8.0 
µmol) was dissolved in C6D6 and CH3CCC6H3
iPr2-2,6 (3.5 µL, 17 µmol) was added with a microsyringe 
in the glovebox. No clear color change was observed. After 1 h at room temperature two major Cp* 
1H 
NMR resonances are observed (δ 2.22, 1.92) of which the propargyl is the major species (58% 
according to line-shape analysis). Also cis-1-(2,6-diisopropyl-phenyl)-1-propene was observed. After 2 
days at room temperature, the relative concentration of the propargyl (74%) had increased. The reaction 
mixture was subsequently quenched with methanol forming a mixture containing Cp*H, cis-1-(2,6-
diisopropylphenyl)prop-1-ene, 1-(2,6-diisopropylphenyl)-1-propyne and (2,6-diisopropylphenyl)propa-
1,2-diene as indicated by 
1H NMR and GC-MS. 
Cp*2LaCH2CCC6H3
iPr2-2,6: 
1H NMR (500 MHz, C6D6, 25 °C): δ 1.19 (d, 
3JHH = 7.0 Hz, CH3, 12 H), 
1.92 (s, Cp*, 30 H), 2.68 (s, CH2, 2 H), 3.34 (sept, 
3JHH = 11.1 Hz, CHMe2, 2 H), 7.04-7.18 (m, CH). 
13C NMR (125.7 MHz, C6D6, 25 °C): δ 11.00 (q, 
3JCH = 125.1 Hz, C5(CH3)5), 23.37 (q, 
3JCH = 125.5 Hz, 
CH3), 32.39 (d, CH), 47.69 (t, 
1JCH = 156.7 Hz, CH2C≡  C), 100.31 (t, 
3JCH = 7.0 Hz, CH2C≡  C), 119.24 
(m, C5Me5), 126.87 (d, 
1JCH = 159.4, p-CH), 122.87 (d, 
1JCH = 155.6, m-CH), 128.70 (m, i-CH), 148.00 
(m, o-CH), 145.61 (t, 
2JCH = 2.4 Hz, CH2C≡ C).     
Cis-1-(2,6-diisopropylphenyl)prop-1-ene: 
1H NMR (C6D6, 25 °C, 500 MHz): δ 6.37 (dq, 
4JHH = 1.7 
Hz, 
3JHH = 11.1 Hz, =CH, 1 H), 5.71 (dq, 
3JHH = 11.1 Hz, 
3JHH = 6.8 Hz, =CH, 1 H), 3.19 (sept, 
3JHH = 
7.0 Hz, CHMe2, 2 H), 1.37 (dd, 
4JHH = 1.7 Hz, 
3JHH = 6.8 Hz, CH3, 3 H), 1.18 (d, 
3JHH = 7.0 Hz, 
CH(CH3)2, 6 H).  
(2,6-Diisopropylphenyl)propa-1,2-diene: 
1H NMR (C6D6, 25 °C, 500 MHz): δ 6.16 (t, 
4JHH = 7.0 Hz, 
CH, 1 H), 4.62 (d, 
4JHH = 7.0 Hz, CH2, 2 H), 3.39 (sept, 
3JHH = 7.0 Hz, CH, 2 H), 1.18 (d, 
3JHH = 7.0 Hz, 
CH3, 12 H).  
Reaction of [Cp*2La(µ-H)]2 with CH3CCC6F5. NMR Scale. [Cp*2La(µ-H)]2 (10.7 mg, 13.0 µmol) 
was added to a solution of CH3CCC6F5 (6.2 mg, 3.0 µmol) in C6D6 in the glovebox. Several Cp* 
1H 
NMR resonances are observed with 
1H NMR spectroscopy and the reaction mixture changed slowly in 
time at room temperature. After 20 min at RT the 
1H NMR resonances of the hydride and substrate have completely disappeared and four major Cp* 
1H NMR resonances are observed (δ 1.88, 1.84, 1.83 and 
1.80) of which the propargyl (δ 1.88) represents only 7% of the total Cp* 
1H NMR resonance intensities 
according to line-shape analysis. An unknown species resonating at δ 1.80 represents the major species 
(71%). After 3 days more Cp* signals have appeared and the unknown species (δ 1.80, 37%) has been 
consumed in the favor of those resonating at δ 1.93 (unknown, 12%), 1.88 (propargyl, 14%) and 1.84 
(assigned to the alkenyl species Cp*2LaC(C6F5)=C(CH3)H, 12%). 
19F NMR analysis points to at least 
four major different pentafluorophenyl moieties (in a 0.4:1.0:0.3:0.3 ratio). No changes were observed 
with 
1H NMR spectroscopy after 2 days at room temperature and CD3OD is added. NMR and GC/GC-
MS analysis pointed to the presence of 1-(pentafluorophenyl)prop-1-ene-d1 and 2,4-
bis(pentafluorophenyl)-3-methylhexa-2,4-diene-d1 in a 1.00:0.33 ratio, respectively. 
Cp*2LaC(C6F5)=C(CH3)H: 
1H NMR (C6D6, 25 °C, 400 MHz): δ 7.67 (q, 
3JHH = 6.7 Hz, CH, 1 H), 
1.84 (s, Cp*, 30 H), 1.51 (d, 
3JHH = 6.7 Hz, CH3, 3 H). 
1-(Pentafluorophenyl)prop-1-ene-d1: 
1H NMR (C6D6, 25 °C, 400 MHz): δ 6.24 (m, CH, 1 H), 1.48 
(dm, 
3JHH = 6.7 Hz, , 
4JHD = 1.8 Hz, CH3, 3 H). GC-MS, m/z (relative intensity): 210 (4), 209 (M
+, 45), 
208 (M
+ - H, 84), 190 (M
+ - F, 13), 189 (M
+ - H - F, 26), 188 (M
+ - F - 2H or M
+ - F - D, 24), 187 (43), 
181 (100), 169 (27), 161 (21), 158 (24). GC-MS, m/z (calc., found): 211 (0.4, 0.3), 210 (9.6, 8.7), 209 
(100, 100). 
2,4-Bis(pentafluorophenyl)-3-methylhexa-2,4-diene-d1: 
1H NMR (C6D6, 25 °C, 400 MHz): δ 5.45 (m, 
CH, 1 H), 1.57 (s, CH3, 3 H), 1.48 (d, 
3JHH = 6.8 Hz, CH3, 3 H). GC-MS, m/z (relative intensity): 417 
(1), 416 (10), 415 (M
+, 50), 401 (18), 400 (M
+ - CH3, 100), 385 (M
+ - 2 CH3, 11), 350 (17), 205 (17), 
188 (16), 187 (23), 182 (32), 181 (59). GC-MS, m/z (calc., found): 417 (2.2, 1.8), 416 (19.0, 19.6), 415 
(100, 100). 
Reaction of Cp*2LaCH2CCPh with phenylacetylene. NMR Scale. Phenylacetylene (2.2 µL, 20 
µmol) was added with a microsyringe to a solution of Cp*2LaCH2CCPh (9.6 mg, 18.2 µmol) in 0.50 mL 
of benzene-d6 (containing 4.36 M hexa-methyldisiloxane as an internal standard). 
1H NMR 
spectroscopy indicated the formation of [(Cp*2La)2(µ-η
2:η
2-PhC4Ph)], Cp*2LaC(Ph)=C(H)-CCPh and trans-1,4-diphenylbut-1-en-3-yne. The reaction mixture was allowed to stand at room temperature for 
12 h after which two consecutive portions (4.4 and 21.0 µL) of phenylacetylene were added. After 1 day 
and 
13C NMR analysis, the mixture was quenched with methanol-d4. GC/GC-MS analysis indicated the 
presence of 1-phenyl-1-propyne, phenylpropadiene, trans-1,4-diphenylbut-1-en-3-yne, 1,3-diphenylbut-
1-en-3-yne, a trimer of phenylacetylene (m/z 306) and three unidentified dimers C18H16 (one of which 
was also found in the thermolysis reaction of Cp*2La(η
3-CH2CCPh) and its THF adduct). The spectral 
parameters corresponding to [(Cp*2La)2(µ-η
3:η
3-PhC4Ph)], Cp*2LaC(Ph)=C(H)CCPh and the 
phenylacetylene oligomers were identical to those previously reported.
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C18H16: GC-MS, m/z (relative intensity): 234 (2), 233 (18), 232 (M
+, 79), 217 (M
+ - CH3, 21), 216 
(20), 215 (33), 202 (M
+ - 2CH3, 19), 153 (25), 141 (70), 128 (45), 115 (100), 91 (78). GC-MS, m/z 
(calc., found): 235 (0.1, 0.3), 234 (1.8, 2.3), 233 (19.6, 22.3), 232 (100.0, 100.0). 
C18H16: GC-MS, m/z (relative intensity): 234 (2), 233 (21), 232 (M
+, 93), 217 (M
+ - CH3, 24), 216 
(23), 215 (37), 202 (M
+ - 2CH3, 22), 153 (27), 141 (74), 128 (45), 115 (100, 91 (76). GC-MS, m/z (calc., 
found): 235 (0.1, 0.1), 234 (1.8, 2.3), 233 (19.6, 21.6), 232 (100.0, 100.0). 
Reaction of Cp*2LaCH2CCPh with THF. NMR Scale. THF (2.3 µL, 29 µmol) was added with a 
microsyringe to a solution of Cp*2LaCH2CCPh (15.0 mg, 29.6 µmol) in benzene-d6 in the glove box. 
1H 
NMR spectroscopy indicated the clean formation of Cp*2La(η
3-CH2CCPh)(THF). The reaction mixture 
was monitored with 
1H NMR for 2 days at room temperature, before heating to 50 °C. After 1 day at 50 
°C, the mixture was quenched with methanol-d4 and GC/GC-MS analysis indicated only the presence of 
an unidentified dimer C18H16, besides the expected quenching products Cp*D and THF. 
Cp*2La(η
3-CH2CCPh)(THF): 
1H NMR (300 MHz, C6D6, 25 °C): δ 1.37 (m, CH2, β-CH2, 4 H), 1.97 
(s, Cp*, 30 H), 2.95 (s, CH2, 2 H), 3.55 (m, OCH2, α-CH2, 4 H), 6.95 (t, 
3JHH = 7.4 Hz, p-H, 1 H), 7.11 
(dd, 
3JHH = 7.4 Hz, 
3JHH = 7.4 Hz, m-H, 2 H), 7.24 (d, 
3JHH = 7.4 Hz, 
3JHH = 7.4 Hz, o-H, 2 H). 
13C NMR 
(75 MHz, C6D6, 25 °C): δ 11.02 (C5(CH3)5), 52.63(CH2CC), 25.68 (β-CH2), 68.35 (α-CH2), 118.86 
(C5Me5), 124.91 (p-CH), 128.84 (i-C), 128.55 (m-CH), 129.05 (o-CH). Signals corresponding to 
CH2CC and CH2CC not observed. C18H16: GC-MS, m/z (relative intensity): 234 (2), 233 (17), 232 (M
+, 84), 218 (21), 217 (M
+ - CH3, 
100), 216 (43), 215 (67), 205 (17), 202 (M
+ - 2CH3, 60), 189 (23), 115 (55). GC-MS, m/z (calc., found): 
235 (0.1, 0.2), 234 (1.8, 1.9), 233 (19.6, 18.6), 232 (100, 100). 
Preparation of Cp*2Y(η
3-CH2CCPh)(py) (4f-Y·py). Pyridine (20.5 µL, 253 µmol) was added with a 
microsyringe to a stirred solution of Cp*2YCH2CCPh (120 mg, 253 µmol) in hexanes (4 mL) in the 
glove box. Immediately the orange solution turned pale yellow. Upon standing at room temperature, the 
yellow solution gradually turned red and a dark red suspension formed after 1 day. NMR and GC/GC-
MS analysis suggested decomposition of the initially formed base adduct into several unidentified 
compounds. Cooling a freshly prepared solution afforded off-white crystals. Isolated yield: 88.3 mg 
(63%). After isolation the crystals turned red within several hours at room temperature. 
Cp*2Y(CH2CCPh)(py): 
1H NMR (400 MHz, C6D6, 25 °C): δ 1.93 (s, Cp*, 30 H), 2.71 (s, CH2, 2 H), 
6.65 (dd, 
3JHH = 5.4 Hz, 
3JHH = 5.4 Hz, β-CH, 2 H), 6.94 (m , γ-CH, 1 H), 6.97 (dd, 
3JHH = 7.6 Hz, 
3JHH 
= 7.6 Hz, p-CH, 1 H), 7.09 (dd, 
3JHH = 7.7 Hz, 
3JHH = 7.7 Hz, m-CH, 2 H), 7.22 (dd, 
3JHH = 7.8 Hz, 
3JHH 
= 7.8 Hz, o-CH, 2 H), 8.53 (m, α-CH, 2 H). 
13C NMR (125.7 MHz, C6D6, 25 °C): δ 11.21 (q, 
1JCH = 
125.8 Hz, C5(CH3)5,), 47.22 (dt, 
1JCH = 157.2 Hz, 
1JYC = 7.7 Hz, CH2CC), 104.88 (d, 
1JYC = 9.7 Hz, 
CH2CC), 117.65 (m, C5Me5), 123.46 (d, 
1JCH = 163.0 Hz, β-CH), 126.39 (dt, 
1JCH = 160.9 Hz, 
3JCH = 
7.4 Hz, p-CH), 128.57 (dd, 
1JCH = 168.4 Hz,
 3JCH = 7.6 Hz, m-CH), 132.06 (dtd, 
1JCH = 159.3 Hz, 
3JCH = 
6.3 Hz, 
4JCH = 1.9 Hz, Hz, o-CH), 132.68 (m, i-C), 135.49 (d, 
1JCH = 160.8 Hz, γ-CH), 150.27 (d, 
1JCH = 
179.4 Hz, α-CH), 151.58 (s, CH2CC). IR (nujol, [cm
-1]): 2925 (s), 2854 (m), 2727 (w), 2148 (m), 1920 
(w), 1588 (w), 1462 (m), 1377 (m), 1238 (m), 1021 (m), 855 (w), 800 (w), 759 (w), 705 (m), 520 (s).  
Thermolysis of Cp*2LaCH2CCPh. NMR Scale. Cp*2LaCH2CCPh (15.0 mg, 28.6 µmol) was 
dissolved in toluene-d8 and heated in a sealed NMR tube for 12 days at 100 °C and then for 27 days at 
120 °C. The progress of the reaction was monitored with 
1H NMR spectroscopy. The mixture was 
quenched with methanol-d4. GC/GC-MS analysis indicated the presence of Cp*H-d5, Cp*H-d6 and two 
compounds of m/z  233-235 and 232-234, respectively. The latter two have been identified as 
oligodeuterated isomers of C18H16, based upon the identical retention times with nondeuterated C18H16 isomers found in other reactions. The mixture of deuterated isomers rendered the quantitative evaluation 
of the fragmentation pattern for each compound unreliable. 
Thermolysis of Cp*2YCH2CCPh. NMR Scale. Cp*2YCH2CCPh (15.0 mg, 31.6 µmol) was 
dissolved in benzene-d6 and heated in a sealed NMR tube for 30 days at 120 °C. The progress of the 
reaction was monitored with 
1H NMR spectroscopy. After completion the mixture was quenched with 
methanol and GC/GC-MS analysis indicated the presence of Cp*H-dn (n = 4,5) and three deuterated 
isomers of C18H16. 
C18H14D2: GC-MS, m/z (relative intensity): 235 (7), 234 (M
+, 36), 220 (19), 219 (100), 205 (17), 204 
(53), 157 (14), 141 (23), 128 (22), 115 (47). GC-MS, m/z (calc., found): 237 (0.1, 0.0), 236 (1.8, 1.1), 
235 (19.6, 18.0), 234 (100.0, 100.0). 
C18H14D2: GC-MS, m/z (relative intensity): 236 (1), 235 (6), 234 (M
+, 33), 220 (19), 219 (100), 205 
(13), 204 (51), 203 (23), 202 (17), 157 (15), 141 (11), 142 (23), 141 (25), 128 (24), 115 (37), 91 (24), 77 
(11). GC-MS, m/z (calc., found): 237 (0.1, 0.0), 236 (1.8, 1.6), 235 (19.6, 19.4), 234 (100.0, 100.0). 
C18H15D: GC-MS, m/z (relative intensity): 235 (1), 234 (6), 233 (M
+, 33), 232 (100), 218 (24), 217 
(86). 216 (31), 215 (49), 203 (202 (32), 155 (19), 154 (10), 153 (14), 152 (14), 141 (10), 139 (10), 128 
(12), 116 (10), 115 (27), 108 (17), 101 (15), 91 (10). GC-MS, m/z (calc., found): 236 (0.1, 0.0), 235 
(1.8, 2.6), 234 (19.6, 18.7), 233 (100.0, 100.0). 
Reaction of Cp*2LaCH2CCPh with 1-phenyl-1-propyne. NMR Scale. Cp*2La(η
3-CH2CCPh) (10.0 
mg, 19.1 µmol) was dissolved in 0.50 mL of a benzene-d6 solution of hexamethyldisiloxane (1.4 mM). 
After addition of 1-phenyl-1-propyne (47.7 µL, 381 µmol) with a microsyringe the mixture was heated 
to 120 °C and monitored with 
1H NMR spectroscopy. After 7 day at 120 °C the substrate was 
completely consumed and the mixture was quenched with methanol-d4. GC/GC-MS analysis indicated 
the presence of 1-phenylprop-1-ene, Cp*D, phenylpropadiene-d1, 1-phenyl-1-propyne-dn and at least 15 
isomers of C18H16. The three major C18H16 isomers were assigned to the three major products which 
were characterized by multinuclear 1D and 2D NMR spectroscopy.  Reaction of Cp*2LaCH2CCPh with 1-pentafluorophenyl-1-propyne.  NMR Scale. 
Cp*2LaCH2CCPh (10.0 mg, 19.7 µmol) was added to a solution 1-pentafluorophenyl-1-propyne (78.6 
mg, 381 µmol) in benzene-d6 (0.50 mL). 
1H NMR spectroscopy indicated the formation of Cp*2La(η
3-
CH2CCC6F5). The reaction mixture was monitored with 
1H and 
19F NMR for 20 days at 80 °C, 
quenching with methanol-d4. GC/GC-MS analysis indicated the presence of 1-pentafluorophenyl-1-
propyne-dn, pentafluorophenylpropadiene-d1, Cp*D, 1-phenyl-1-propyne and several organic 
compounds of which the major products were identified as C18H5DF10 (m/z 413) and four isomers of 
C27H13DF10 (m/z 529) on the basis of their fragmentation pattern. 
C18H5DF10: GC-MS, m/z (relative intensity): 413 (M
+, 49), 412 (100), 398 (21), 397 (M
+ - CH3, 47), 
378 (87), 328 (21), 245 (25), 232 (10), 231 (37), 205 (82), 193 (41), 181 (96), 161 (26). GC-MS, m/z 
(calc., found): 416 (0.1, -), 415 (1.8, 1.5), 414 (19.5, 17.6), 413 (100.0, 100.0). 
C27H13DF10: GC-MS, m/z (relative intensity): 531 (1), 530 (11), 529 (M
+, 38), 514 (M
+ - CH3, 17), 
407 (12), 379 (17), 347 (28), 181 (39), 123 (84), 122 (100), 121 (38), 108 (37), 107 (27), 106 (39), 92 
(26), 91 (20). GC-MS, m/z (calc., found): 532 (0.4, -), 531 (4.0, 3.5), 530 (29.3, 30.3), 519 (100.0, 
100.0). 
C27H13DF10: GC-MS, m/z (relative intensity): 531 (2), 530 (12), 529 (M
+, 44), 514 (M
+ - CH3, 22), 
407 (12), 379 (19), 347 (23), 213 (17), 205 (36), 187 (19), 181 (37), 123 (84), 122 (100), 121 (40), 92 
(26), 91 (24). GC-MS, m/z (calc., found): 532 (0.4, -), 531 (4.0, 4.6), 530 (29.3, 27.7), 519 (100.0, 
100.0). 
Reaction of Cp*2LaCH2CCPh with an excess of 1-hexene. NMR Scale. A solution of 
Cp*2LaCH2CCPh (5.0 mg, 9.5 µmol) in 0.50 mL of benzene-d6 containing hexamethyldisiloxane (4.5 
mM) was prepared and transferred into a NMR tube. After addition of 1-hexene (173 µL, 1.38 mmol, 
145 equiv.) the tube was sealed off and heated to 100 °C. The progress of the reaction was monitored 
with 
1H NMR spectroscopy. After 3.59 days at 100 °C no changes were observed and the reaction 
mixture was heated to 120 °C for 74 days. The reaction mixture was quenched with methanol-d4. GC 
and GC-MS analysis indicated the presence of 1-hexene, hexane, cis- and trans-2-hexene, cis- and trans-7-methyl-4-undecene and 3-dodecene. The unidentified organic compounds with m/z 170 
(C12H26), 166 (two isomers of C12H22), 167 (C12H23), 195 (C15H15), 197 (C15H17), 200 (cross-coupling 
product, C15H20), 250 (two isomers of a 1-hexene trimer, C18H34), 281 (three isomers of C21H29) and 334 
(1-hexene tetramer, C24H46) were assigned to their elemental composition, based on the assumption that 
they represented derivatives of homo- or cross-coupling products of 1-hexene and 1-phenyl-1-propyne. 
C12H26: GC-MS, m/z (calc., found): 168 (0.8, 1.0), 167 (13.3, 14.3), 166 (100.0, 100.0). 
C12H22: GC-MS, m/z (calc., found): 168 (0.8, 1.0), 167 (13.3, 14.3), 166 (100.0, 100.0); m/z (calc., 
found): 168 (0.8, 1.0), 167 (13.3, 14.7), 166 (100.0, 100.0). 
C15H20: GC-MS, m/z (calc., found): 202 (1.1, 2.0), 201 (16.5, 19.9), 200 (100.0, 100.0). 
C15H17: GC-MS, m/z (calc., found): 199 (1.1, 2.1), 198 (16.5, 23.0), 197 (100.0, 100.0). 
C15H15: GC-MS, m/z (calc., found): 197 (1.1, 2.3), 196 (16.5, 17.5), 195 (100.0, 100.0) 
C18H34: GC-MS, m/z (calc., found): 253 (0.1, 0.0), 252 (1.8, 2.8), 251 (20.0, 24.5), 250 (100.0, 100.0); 
m/z (calc., found): 253 (0.1, 1.4), 252 (1.8, 8.1), 251 (20.0, 20.5), 250 (100.0, 100.0). 
C21H29: GC-MS, m/z (calc., found): 284 (0.2, 0.0), 283 (2.6, 5.9), 282 (23.1, 36.1), 281 (100.0, 100.0); 
m/z (calc., found): 253 (0.1, 1.4), 252 (1.8, 8.1), 251 (20.0, 20.5), 250 (100.0, 100.0). 
C24H46: GC-MS, m/z (calc., found): 337 (0.2, 0.0), 336 (3.3, 3.1), 335 (26.3, 26.3), 334 (100.0, 100.0). 
 
 
 
 
 
 
 
 Table 1. Alkene/(2-alkynyl) metal complex ratios for reactions of [Cp*2Ln(µ-H)]2 (Ln = Y 2-Y, Ce 2-
Ce, La 2-La) with excess 2-butyne (3a), 1-phenyl-1-propyne (3f) and 3-hexyne (7b).
a           
 
Substrate 
 
hydride 
 
alkene/metal ratio
b 
 
alkene/metal ratio
c 
 
2-butyne 
 
2-La
d 
 
0.90 
 
1 (8) 
 
 
 
2-Ce
d 
 
0.10 
 
0.60 (8)
e 
 
 
 
2-Y 
 
0.20 
 
0.06 (4) 
 
1-phenyl-1-propyne 
 
2-La 
 
0.95 
 
1(14) 
 
 
 
2-Ce 
 
0.21 
 
0.94 (14) 
 
3-hexyne 
 
2-La 
 
0.63 
 
1 (14) 
 
 
 
2-Ce 
 
0.85 
 
1 (14) 
 
 
 
2-Y 
 
0 
 
0 (3) 
 
a Reactions performed in benzene-d6 at room temperature and monitored with 
1H NMR spectroscopy. 
b 
Initial ratio. 
c The value in parentheses is the reaction time in days. 
d Consecutive catalytic 
cyclodimerisation takes place. 
e n-butane is formed as well.  
 Table 2. Selected NMR data for allenyl and propargyl transition-metal complexes.
a 
Entry Complex  CH2 C-1  (
1JCH)  C-2 C-3 Ref. 
1 [(PPh3)2Pt(η
3-CH2CCPh)]
+  2.74 48.3  (170)  97.3  102.1  [18] 
2 [(PPh3)2Pd(η
3-CH2CCPh)]
+  3.19 50.9  94.2  105.4  [19] 
3 Cp2ZrMe(η
3-CH2CCPh) 3.37  55.5  (167)  120.5  114.1  [20] 
4 CpMo(η
3-CH2CCPh)(η
2-CH3CCPh)  3.90  41.6 (158, 165)  142.3  124.8  [21] 
5 Cp2Zr(CH2CCPh)2  2.80 30.7  (151)  128.4  103.5  [20] 
6 Cp*(TBM)Zr(η
3-CH2CCMe) 2.51  51.0  99.9  91.7  [22] 
7 [Cp*2Zr(η
3-CH2CCMe)]
+  2.93 61.7  (158)  128.4  103.5  [23] 
8 [Pt(CO)(PPh3)2(η
1-CH2CCPh)]
+ 1.98  7.1  92.2  86.1  [18a] 
9 [Pt(CO)(PPh3)2(η
1-CPhCCH2)]
+  3.65 72.9  203.1  101.5  [18a] 
 
a Chemical shifts in ppm and coupling constants in Hz. 
 
 
 
 
 
 
 
 Table 3. Infrared data in the 2100-1750 cm
-1 region for selected Cp’2LnCH2CCR complexes.
a 
Entry Complex  ν (cm
-1) 
1  Cp*2YCH2CCMe (4a-Y)  1975 (m) 
2  Cp*2YCH2CCPh (4f-Y)  1920 (s) 
3  Cp*2YCH2CCPh·C5H4N (4f-Y·py)  2148 (m) 
4  Cp*2CeCH2CCMe (4a-Ce)  1965 (m) 
5  Cp*2CeCH(Me)CCEt (9b-Ce)  1890 (s) 
6  Cp*2CeCH2CCPh (4f-Ce)  1930 (s) 
7  Cp*2LaCH2CCPh (4f-La)  1944 (s) 
8  Cp*2LaCH2CCPh·C5H4N (4f-La·py)  1973(s) 
9  Cp*2LaCH2CCC6H3Me2-2,6 (4h-La)  1975 (s) 
10  [Me2Si(η
5-C5Me4)2CeCH2CCMe]n (6a-Ce)  2000 (s) 
 
a IR measurements under a nitrogen atmosphere as nujol mulls.  
 
 
 
 
 
 
 
 
 
 
 Table 4. NMR and IR spectral data of aromatic 1-methylalk-2-ynes.
a 
Entry R  CH3CC 
(
1JCH) 
CH2CC 
(
2JCH) 
CH3CC 
(
3JCH) 
CH3CC  νC≡ C 
(cm
-1) 
1   Ph 
(3f) 
3.92 
(131.4) 
80.46 
(4.8) 
86.08 
(10.2) 
1.64 2250 
2   C6H3Me2-2,6 
(3h) 
4.18 
(131.0) 
78.08 
(4.5) 
94.20 
(10.5) 
1.74 2243 
3 C6H3
iPr2-2,6 
(3i) 
4.26 
(131.0) 
77.19 
(4.7) 
93.59 
(10.5) 
1.75 2243 
4 C6F5 
(3j) 
4.02 
(133.0) 
64.34 
(4.6) 
99.84 
(10.8) 
1.50 2254 
 
a NMR measurements performed in C6D6 at 25 °C under a nitrogen atmosphere. Chemical shifts are 
reported in ppm and coupling constants in Hz. Repeated experiments suggested that 
13C chemical shifts 
were accurate to ± 0.02 ppm, 
1H chemical shifts to ± 0.01 ppm and 
1JCH coupling constants to ±0.2 Hz. 
IR measurements as liquid films or nujol mulls. 
 
 
 
  
Figure 1. Plot of the carbon chemical shifts of the propargylic CH2CC (C-1), internal CH2CC (C-2) and 
terminal CH2CC (C-3) carbon atoms of the CH2CC group in 4f-La, 4h-La, 4i-La and 4j-La versus the 
first-order carbon-hydrogen coupling constant (
1JCH) of the methyl group of the neutral ligand CH3CCR 
(Table 4). 
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Figure 2. Plot of the proton chemical shifts of the CH2CC group in 4f-La, 4h-La, 4i-La and 4j-La 
versus the first-order carbon-hydrogen coupling constant (
1JCH) of the methyl group of the neutral 
ligand CH3CCR (Table 4). 
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Figure 3. Plot of the first-order carbon-hydrogen coupling constant (
1JCH) of the propargylic CH2 group 
in proton chemical shifts of the CH2CC group in 4f-La, 4h-La, 4i-La and 4j-La versus the first-order 
carbon-hydrogen coupling constant (
1JCH) of the methyl group of the neutral ligand CH3CCR (Table 4).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 5. Thermal ellipsoid plot of Cp*2YCH2CCPh (4f-Y) (drawn at a 50% probability level). 
Hydrogen atoms are omitted for clarity. 
 
 
 
 
 
 
 
 
 
 MO analysis of Cp2YCH2CCPh. An analysis of the molecular orbitals (MOs) of the Cp*2Ln(η
3-
CH2CCPh) complexes involved the calculation of the MOs of the model complex Cp2Y(η
3-CH2CCPh) 
in a geometry modeled after the crystal structure of Cp*2Y(η
3-CH2CCPh). Computational 
simplifications regarding the replacement of lanthanide metals with yttrium and permethylated Cp* 
ligands with unsubstituted cyclopentadienyl ligands are well-established.
24 The calculation was carried 
out with the Gaussian98 program package, using the B3LYP functional.
25 The lowest unoccupied 
molecular orbital (LUMO) is depicted in Figure 6. 
 
 
Figure 6. The calculated lowest unoccupied molecular orbital (LUMO) of Cp2YCH2CCPh.  
  
Figure 7. 300 MHz 
1H NMR spectrum of 1-(2,6-diisopropylphenyl)-1-propyne (3i) in chloroform-d1. 
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